Introduction
Autosomal-dominant polycystic kidney disease (ADPKD) is the most prevalent cystic kidney disease. As the number of cysts increases in both kidneys, renal function progressively deteriorates and approximately half of the patients reach end-stage renal disease by the age of 60 [1] . Tolvaptan, a vasopressin V2 receptor antagonist, selectively blocks vasopressin V2 receptors and inhibits production of cyclic adenosine 3, 5-monophosphate (cAMP). With the inhibitory mechanism on intracellular cAMP, tolvaptan is expected to prevent renal cyst growth [2] . Because there is no other effective pharmacological treatment at present, tolvaptan is recommended for patients with ADPKD who have a total kidney volume of 750 ml or more with progressive renal volume expansion [3] . The patients treated with tolvaptan for ADPKD are encouraged to increase their fluid intake to prevent dehydration. Reports on the thrombotic complication with tolvaptan have been limited at present. We report a case who developed acute pulmonary thromboembolism during treatment with tolvaptan for ADPKD.
Case report
Sixty-year-old man was diagnosed as ADPKD at the age of 47. Since then, his renal function had gradually deteriorated Abstract Autosomal-dominant polycystic kidney disease (ADPKD) is the most prevalent cystic kidney disease, with approximately half of the patients reaching end-stage renal disease by the age of 60. Tolvaptan prevents renal cyst growth by inhibiting intracellular cyclic AMP and is recommended for patients with ADPKD. Reports of thrombotic complications with tolvaptan have been limited. We report a case of a 60-year-old man who developed thromboembolisms during tolvaptan treatment for ADPKD. The patient started tolvaptan in July 2014. He was brought to our hospital in February 2015 with a sudden onset of dyspnea and chest pain after 6 days of persistent watery diarrhea. Blood tests revealed enhanced coagulation and fibrinolysis, and contrast-enhanced computed tomography confirmed the presence of multiple thromboembolisms. Venous thromboembolism (VTE) with acute pulmonary and lower extremity thrombi was diagnosed, and the patient was immediately admitted. Tolvaptan was discontinued on admission, and intravenous fluid loading and monteplase were started. Subsequently, chest pain and dyspnea resolved, with thrombi resolution occurring by day 14; the patient was discharged on day 18 in stable condition. VTE was attributed to continued tolvaptan during diarrhea and dehydration; tolvaptan itself was not associated with enhanced coagulability. Dehydrated patients with ADPKD, such as the patient in this case, are at an increased risk for thrombus formation. Proper education should be provided as the total kidney volume slowly increased. With his consent, administration of tolvaptan at a dose of 60 mg/day was started in July, 2014. The appropriate drug adherence had been maintained. He described no dyspnea or edema of the lower extremities, and d-dimer was within normal range in January, 2015. In February, 2015, he developed persistent watery diarrhea. His wife also had watery diarrhea at the same time. During that period, he continued taking tolvaptan and more than 2L of fluid daily. Six days after the onset of diarrhea, he was brought to our hospital by ambulance with sudden onset of dyspnea and chest pain. Tachycardia of 120 bpm and marked hypoxemia indicated by an oxygen saturation (SpO 2 ) level of 90% on ambient air were observed. His body weight was 0.7 kg below his usual weight. The oral cavity was markedly dry. The lung sounds were normal, and the second heart sound was accentuated. Enlarged liver and kidneys were palpated, and both legs showed mild edema. Blood tests revealed enhancement of coagulation and fibrinolysis with a fibrin degradation product (FDP) level of 52.4 µg/mL (reference range: less than 5.0 µg/mL) and a d-dimer of 18.4 µg/mL (reference range: less than 0.7 µg/mL). Acute kidney injury was also present with blood urea nitrogen (BUN) of 38 mg/dl, serum creatinine (SCr) of 1.45 mg/dL (Table 1) . These values were within normal range at the latest office visit. AKI were attributed to volume depletion both due to diarrhea and inadequate fluid intake. The chest X-ray showed mild pulmonary artery expansion. The electrocardiogram showed right bundle branch block and a negative T wave in V [1] [2] [3] . Echocardiogram revealed a tricuspid valve regurgitation with pressure gradient of 40 mmHg. Contrast-enhanced computed tomography (CT) confirmed the presence of multiple areas of thromboembolism in the right pulmonary arterial trunk, left pulmonary arterial branches, and the veins beyond the popliteal vein of both legs. Venous thromboembolism (VTE) with acute pulmonary and lower extremity thrombi was diagnosed, and the patient was immediately admitted. Diarrhea had improved by the time of admission, and tolvaptan was discontinued on admission. Intravenous fluid loading and 1.2 million units of monteplase were started. Subsequently, the chest pain and dyspnea resolved. On hospital day 2, warfarin was started with a target prothrombin time-international ratio (PT-INR) of 2.0. Although the patient was closely examined for the presence or absence of underlying diseases associated with thrombosis, there were no particular abnormal test results to be noted, and he was deemed unlikely to have such diseases (Table 1) . Contrast-enhanced CT angiogram performed on hospital day 14 revealed resolution of bilateral pulmonary artery thrombi and imaging of pulmonary blood flow demonstrated normal blood flow distribution bilaterally (Fig. 1) . The tricuspid valve regurgitation pressure gradient, as measured by echocardiography, had also decreased to 23 mmHg. He discharged on hospital day 18 with stable medical condition (Fig. 2) .
Discussion
In this case, the onset of VTE is attributed to continued ingestion of tolvaptan, while the patient developed persistent watery diarrhea and dehydration. As of the end of April 2016, two cases (including current case) of pulmonary thromboembolism associated with tolvaptan have been reported to Samsca Postmarketing Surveillance according to Otsuka Pharmaceutical Co., Ltd.
Regarding the pathogenesis of thrombosis in these cases, dehydration is through to be a main culprit for hypercoagulable state. Dehydration increases the hematocrit and blood viscosity both of which could induce thrombotic tendency [4] . Moreover, elevated hematocrit levels are reported to promote activation of factor IX (an intrinsic factor for coagulation cascade) by erythroelastase IX (factor IX-activating enzyme) in erythrocytes, which could further enhance the coagulation pathway [5, 6] . In addition, patients with reduced renal function are more likely to develop pulmonary thromboembolism than those with normal kidney function [7] . Possible mechanisms for the phenomenon include enhanced activation of factor XIIa, factor VIIa, and fibrinogen, as well as inhibition of von Willebrand factor and tissue plasminogen activator in the patients with reduced renal function [8, 9] . There is also a report of a rare case of ADPKD patient in which a thrombus formation was observed in the inferior vena cava (IVC) due to the compression of IVC by huge renal cysts [10] . In the current case, no compression or displacement of IVC by cysts was observed.
Whether tolvaptan itself could induce thrombotic tendency was evaluated. Normally, when vasopressin binds to the vasopressin V2 receptors, cAMP is activated, and vascular endothelial cells release von Willebrand factor, both of which could contribute to increased coagulation cascade [11] . Thus, vasopressin is often used for hemostasis in the treatment of von Willebrand disease, mild hemophilia, and chronic kidney disease (CKD) [12, 13] . Tolvaptan inhibits the release of von Willebrand factor from vascular endothelial cells by its antagonistic effect on the vasopressin V2 receptors and may rather reduce the hemostatic capacity. Therefore, tolvaptan itself is not considered to be associated with enhanced coagulability [14] . Fig. 1 Contrast-enhanced and lung perfusion computed tomography images before and after treatment. The upper and the lower images were taken before and after treatment, respectively. The pretreatment images show lack of enhancement in the right pulmonary arterial trunk and left pulmonary arterial branches (arrows) and lack of right lung perfusion (arrowheads). The lack of enhancement is not observed after treatment
Pretreatment

Posttreatment
Whether the episode of diarrhea in this case was associated with tolvaptan remains unclear. As of the end of April 2016, nine cases of diarrhea and ten cases of constipation associated with tolvaptan have been reported to Samsca Postmarketing Surveillance. The mechanism of gastrointestinal symptoms by tolvaptan is not fully understood, but inhibition of colonic aquaporin-2 by tolvaptan followed by reduction in water reabsorption might be responsible for the development of diarrhea [15] . In this case, however, it seems to be unusual when tolvaptan causes diarrhea for the first time after 7 months of administration. Diarrhea in his wife almost the same time as the patient strongly suggests infectious origin of the diarrhea in this case. 
Acute pulmonary thromboembolism
Dehydrated patients with ADPKD, such as the patient in this case, are at increased risk of thrombus formation. This case indicates the importance of sick-day management for the patients on tolvaptan. Proper and sufficient information to maintain appropriate fluid status and to stop taking tolvaptan should be provided, while the patients develope volume depletion (Fig. 3) .
In conclusion, although tolvaptan could be effective in retarding the progression of ADPKD, the patients on tolvaptan face the increased risk of thromboembolism once they developed volume depletion and dehydration. Appropriate sick-day advice should be given to all the patients taking tolvaptan for ADPKD.
